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FOURTER DETECTION OF SPECIES MIGRATING 

IN A MICROCHANNEL 

BACKGROUND OF THE INVENTION 
There has been a growing interest in the manufacture 
and use of microfluidic systems for the acquisition of 
chemical and' biochemical information. Techniques commonly 
associated with the semiconductor electronics industry, such 
as photolithography, wet chemical etching, etc., are used in 
the fabrication of these microf luidic systems. The term, 
Microf luidic", refers to system or devices having channels 

ii,, f = hrirated at the micron or 
and chambers are generally fabricated at 

w • ~ ara i P e a having at least one cross-sectional 
submicron scale, e.g., navxny a 

dimension in the range of from about 0.1 ,m to about 

Early discussions of the use of planar chip technology for the 

fabrication of microfluidic systems are provided in Manz et 

,, Qom i r, / k\ - 144-149 and Manz et 
al., Tr pn* g in Anal. Chen. (1990) 10(5). 144 

MQ(n , it i-66 which describe the 
al., flVi. ill rhromatoa. (1993) 33.1 *6, wm 

fabrication of such fluidic devices and particularly 

:„ ~4ii(-nn and alass substrates, 
microcapillary devices, in silicon ana gx 

Application of microfluidic systems are myriad. For 
example, International Patent Appln. WO 96/04547 ^ 
February 15, 1996, describes the use of microfluidic systems 
for capillary electrophoresis, liquid chromatography, flow 
injection analysis, and chemical reaction and synthesis. U.S. 
Appln. No. 08/671,987 (Attorney Docket No. 17646-400), 
entitled "HIGH THROUGHPUT SCREENING ASSAY SYSTEMS IN 
MICROSCALE FLUIDIC DEVICES" , filed June 28, 1996 by J. Wallace 
Parce et al. and assigned to the present assignee, discloses 
wide ranging applications of microfluidic systems in rapidly 
assaying compounds for their effects on chemical, and 
preferably, biochemical systems. The phase, "biochemical 

«• « nM p r ,Uv refers to a chemical interaction which 
system," generally reiets l-^ ..,••„„ 

! _ c v,, ne Generally found within living 

involves molecules ct the type geneia^j 

. . ^i.:,„,- i nr i,^„ the full range of 
organisms. Such interactions incluu- tn~ j-ux * 
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catabolic and anabolic reactions which occur in living systems 
including enzymatic, binding, signaling and other reactions. 
Biochemical systems of particular interest include, e.g 
receptor-ligand interactions, enzyme-substrate interactions 
cellular signalling pathways, transport reactions involving' 
model barrier systems (e.g., cells or membrane fractions) f or 
bioavailability screening, and a variety of other general 
systems . 

As disclosed in International Patent Appln. WO 
96/04547 and U.S. Appln . Ho . 08/671,987 noted above, one of 
the operations which is suitable for microfluidic systems is 
capillary electrophoresis, m capillary electrophoresis 
charged molecular species, such as nucleic acids or proteins 
for example, are separated in solution by an electric field ' 
With very small capillary tubes as separation channels in a 
microfluidic system, resolution is enhanced because band 
broadening due to thermal convection is minimized. The 
requirement of only a small amount of sample material 
containing the molecular species is a further advantage of 
capillary electrophoresis in microfluidic systems. 

Nonetheless, there is still room for improvement in 
capillary electrophoresis, one of the goals of microfluidic 
systems is high throughput. Presently capillary 
electrophoresis in microfluidic systems is performed by the 
observation of separating bands of species migrating in a 
separation channel under an electric field. The 
electrophoretic mobility of a species is determined by the 
time required from the entry of a test compound material into 
the separation channel for a species band from the test 
compound material to pass a detection point along the 
separation channel. The operation is completed after the last 
species band clears the detection point. See, for example, 
the above-cited International Patent Appln. wo 96/04547. 
While these operations are fast compared tc macroscale 
electrophoretic methods, the operations fall short of a highly 
automated microfluidic system, such as disclosed in the above- 
mentioned U.S. Appln. No.. 08 /671,587, for example. 



a 
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• m contrast, the present invention solves or 
substantially mitigates these problems. With the present 
invention, the ■ electrophoretic mobility of each species as 
determined as the various species undergo electrophoresis in 
microfluidic system. Identification of each species can be 
made automatically. 

SUMMARY OF THE INVENTION 
The present invention provides for a microfluidic 
system for high-speed electrophoretic analysis of subject 
materials for applications in the fields of chemistry, 
biochemistry, biotechnology, molecular biology and numerous 
other areas. The system has a channel in a substrate, a light 
source and a photoreceptor. The channel holds subject 
materials in solution in an electric field so tnat the 
materials move through the channel and separate into bands 
according to species. The light source excites fluorescent 
light in the species bands and the photoreceptor is arranged 
to receive the fluorescent light from the bands. The system 
further has a means for masking the channel so that the 
photoreceptor can receive the fluorescent light only at 
periodically spaced regions along the channel. The system 
also has an unit connected to analyze the modulation 
frequencies of light intensity received by the photoreceptor 
so that velocities of the bands along the channel are 
determined. This allows the materials to be analyzed. 

In accordance with the present invention, the 
microfluidic system can also be arranged to operate with 
species bands which absorb the light from the light source. 
The absorbance of light by the species bands creates the 
modulation in light intensity which allow the velocities of 
the bands along the channel to be determined and the sublet 

material to be analyzed. 

The present invention alsc provides for a method of 
performing high-speed electrophoretic analysis of subject 
materials. The method comprises the steps of holding the 
subject materials in solution in a channel of a microfluidic 
system; subjecting the materials to an electric field so that 
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the "subject materials move through the channel and separate 
into species bands; directing light toward the channel; 
receiving light from periodically spaced regions along the 
channel simultaneously; and analyzim,* the frequencies of light 
intensity of. the received light so that velocities of the 
bands along the channel can be deternined for analysis of said 
materials. The determination of the velocity of a species 
band determines the electrophoretic mobility of the species 
and its identification. 

The invention as hereinbefore described may be put 
into a plurality of different uses, which are themselves 
inventive, for example, as follows: 

The use of a microfluidic system comprising a 
substrate having a channel holding subject materials in 
solution in an electric field so that the materials move 
through the channel and separate into species bands 
according to species; a light source arranged to direct 
light toward the channel and the bands; a photoreceptor 
arranged to receive light from the channel; means for 
masking the channel so that the photoreceptor can receive 
light at periodically spaced regions along the channel 
only; and a unit connected to analyze frequencies of 
light intensity received by the photoreceptor so that 
velocities of the bands along the channel can be 
determined for analysis of the materials. 

A use of the aforementioned invention wherein the 
species bands absorb light from the light source, and the 
frequencies of light intensity are created by the absence 
of light, toward the photoreceptor from the species bands 
moving through the channel, 

A use of the aforementioned Invention wherein the 
species bands absorb light from the light source and emit 
fluorescent light, and the frequencies of light intensity 
are created by the presence of fluorescent light toward 
the photoreceptor from the species bands moving through 
the channel, 

A use of the at:cruLr,w'ntioned invention wherein the 
masking means comprises a mask nvcerposed between the 
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• liaht source and the channel such that the light source 
uLinates the channel only at the periodically spaced 

regions. . . 

A use of the aforementioned invention wherein the 

a mask ^t-arposed between the 
masking means comprises a masK ^ 

Tannel and the photoreceptor such that the photoreceptor 
can receive light from the channel only at the 
periodically spaced regions. 

The use of a microf luidic system comprising a 
substrate having a channel holding subject materials in 
solution in an electric field so that the materials move 
through the channel and separate into species bands 
according to the; a light source arranged to direct light 

• ji^i !, r enured regions along 
toward the channel at periodically spaced r_g 

i mw a photoreceptor arranged to receive 
the channel only, a pnouiev-B^ , „ ' 

i » -n't connected to analyze 

light from the channel; and a an.t conn- 

* tir,vsi- ini-pnsitv received by the 
frequencies of light mtensiw 

* ,«,io-iti»-3 of the bands along the 
photoreceptor so that velOv.it.i-- or 

• a v^ivsis of the materials, 

channel can be determined fci analysis or ^ 

A use of the aforementioned invention wherein the 
light source comprises a source of coherent light and a 
pair of slits located between the coherent light source 

and the channel . . 

A use of the aforementioned invention wherein the 

species bands fluoresces upon exposure to light at the 
periodically spaced regions along the channel. 

A use of the aforementioned invention wherein the 

^ i th° pei*iodically 

species bands; absorbs the light at tn- p-i 

spaced regions along the channel. 

The use of a microfluidic system comprising a ^ 

v, , «t v, ft -Hina subject materials in 
substrate having a channel hoidu.g 

Qlo ^ri- field bo that the materials move 
solution m an electric tieia ...^ 

j - h,v into species bands 

through the channel and separate m.o sp 

i; „ h i. t! M ir r e arranged to direct 
according to species; a light s~Ji~e ar 

I . _ r ,v.,^nrec D Dtor arranged to 
liqht toward the channel; a phv. . ji ec-pv * 

.,,>,i lv q-onced regions along tne 
receive iiaht from period ica A j> -P ac - * 

, to analyze frequencies 

channel only; and a an.c 1 1 ' 

, -,i h--- rh« Dhotoreceptor so tnat 
of light intensity reoex /«u tn~ 
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velocities of the bands along the channel can be 
determined for analysis of the materials. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Figure I is a schematic illustration of one 
embodiment of a microfluidic system; 

Figure 2A is a representation of the details of a 
portion of the microfluidic system according to one embodiment 
of the present invention; Figure 2B is a detailed 
representation of a portion of the separation channel of 
microfluidic system of Figure 2A; 

Figure 3A represents an alternative arrangement of 
the portion of the microfluidic systarr according to another 
embodiment of the present invention; Figure 3B is a detailed 
representation of a portion of the separation channel of 
microfluidic system of Figure 3A; and 

Figure 4 represents still another arrangement of 
portion of the ir.icrofluid.ic system according to another 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Genera ppgcriptj n n of m j r jaanjuJLdas_sys jams 

Fig. 1 discloses a representative diagram of an 
exemplary microfluidic system 100 according to the present 
invention. As shown, the overall device 100 is fabricated in 
a planar substrate 102. Suitable substrate materials are 
generally selected based upon their compatibility with the 
conditions present in the particular operation to be performed 
by the device. Such conditions can include extremes of pH, 
temperature, salt concentration, ana application of electrical 
fields. Additionally, substrate materials are also selected 
for their inertness to critical components of an analysis or 
synthesis to be carried cut by the system. 

Useful substrate materials include, e.g., glass, 
quartz and silicon.,, as as polymeric substrates, e.g.' 

plastics, in the ca«.? of cn-,<?-; C tive oi; seni conductive 
substrates, there should «.„ insulating layer on the 
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substrate. This is particularly important where the device 
incorporates electrical elements, e.g., electrical fluid 
direction svstems , sensors and the nke. or uses 
electroosmotic forces to move wtariais about the system, as 
discussed below. In the case of polymeric substrates, the 
substrate materials may be rigid, semi-rigid, or non-rigid, 

~ fr^dnar^nt d^pendina upon the use for 
opaque r semi-opaque or transparent, u^«i . r 

which they are intended. For example, devices which include 
an optical or visual detection element, are generally 
fabricated, at least in part., from transparent materials to 

„ f^iHfai-" that detection. Alternatively, 

allow, or at least, Lac.in.i-- 1 -" L 

transparent windows of, e.g., glass or quarts, may be 
incorporated into the device for the.se types detection 
elements. Additionally, the polyneric materials may have 
linear or branched backbones, and may be crosslink.* or non- 
crosslinked. Examples of particularly preferred polymeric 
materials include, e.g., polydir.ethylsilox.anes (PDMS) , 
polyurethane, polyvinylchloride (FVC) polystyrene, 

polysulfone, polycarbonate and the 1 ike , 

u. ... •; „ Tiny-Tv i includes a series or 
The system shown :.n ngure l „n-^u 

, -u f^rVatpd into the surface of 
channels 110, 112, 114 anc ilt> ta«i *cti-a 

the substrate 102. As discussed in the definition of 
"xaicrofluidic," these channels typically hav very small cross 
sectional dimensions, preferably in the range from about O.lpi 
to about ioom». For the particular applications discussed 
below, channels with depth, of about 10 m and widths of about 
60 p. work effectively, thcugh deviations from these 

dimensions are also possib.. a. 

• , .^H».--e» -h.! -ire is =\nd other microscale 
Manufacturing of u-he-^e •->ui.i.r....is> 

* riiK-t-ratP "102 may be carried 

elements into the surfa-s ut the su^crdte ...u 

out by any number of microf abricatior. techniques that are well 
known in the art. For example, lithographic techniques may be 
employed in fabricating alass, guar,, or silicon substrates, 
for example, with methods vsll know-, in the semiconductor 

^ ^ • i Wc f r ^r. csn^o 1 - 1 fnographic masking, plasma 
manufacturing inaustrits. * --o ..u.- i-.. ^ * f 

^ - „«^^drr-' processing technologies 

or wet etching ana othei. su,^ruu-u- h- 

i,^^ — — -rd «ubs urate surfaces, 
define mieroso? .is element ^ 

, . ■ , rft „.-v- — ^'i-r as laser drilling, 
Alternatively, micromacniiurg mc=u.iv.. , ^ — ±cx 
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raicromilling and the like, may be employed. Similarly, for 
polymeric substrates, well known manufacturing techniques may 
also be used. These techniques include injection molding 
techniques or stamp molding methods where large numbers of 
substrates may be produced using, e.g., rolling stamps to 
produce large sheets of microscale si-justrates, or polymer 
microcasting techniques where the substrate is polymerized 
within a microfabricated mold. 

Besides the substrate 102, the raicrof luidic system 
includes an additional planar element (not shown) which 
overlays the channeled substrate 102 to enclose and fluidly 
seal the various channels to form conduits. The planar cover 
element may be attached to the substrate by a variety of 
means, including, e.g., tneraal bonding, adhesives or, in the 
case of glass, or semi-rigid and nor.-rigid polymeric 
substrates, a natural adhesion between the two components. 
The planar cover element may additionally be provided with 
access ports and/or reservoirs for introducing the various 
fluid elements needed for a particular screen. 

The system 100 shown in Figure 1 also includes 
reservoirs 104, ict, and 10E, which are disposed and fluidly 
connected at the ends of the channels in, iif. and. 110 
respectively. As shewn, sample channel li.2, is used to 
introduce a plurality of different subject materials into the 
device. it should be noted that th? term, "subject 
materials," simply refers to the material, such as a chemical 
or biological compound, of interest. Subject compounds may 
include a wide variety of different compounds , including 
chemical compounds, n.ixturss of chemical compounds, e.g., 
polysaccharides, snail organic cr inorganic molecules, 
biological macromolecules, «.g., peptides, proteins, nucleic 
acids, or extracts trade from biologic- materials, such as 
bacteria, plants, fungi, or animal cells or tissues, naturally 
occurring or synthetic compositions. 

Many methods have been descried for the transport 
and direction of fH ids, sample*, ..nafytes, buffers and 

reagents, within :^c.-„a,;-r , v ^ 3 , v ~; eV ic aE . 0ne Fethod 
moves fluids withir u icr:-f 3br:^e<l ievices by mechanical 
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a icropumps and valves within the device. See, published U.K. 
Patent Application No. 2 243 891 (10/18/90), published 

^ . ms/p/92) . U.S. Patent 

European Pat ant H P I icatii-ri No. n>6» . 
„OS. 5,271,724 (8,21/91) and 5,, 77. .55-5 (7/3/91). See also, 

<r 1 -n n? '? 1 /id to Miya.zaki. et al. 
U.S. Patent No. 5,l/'l,i32 * *■! J^- 1 * 

ororn^ '-'j inova fluid samples 
Another method uses acoust.,L. er.ery,, ..J mo.. 

within devices by the effect, of acoustic .treating. See 

published PCT Application No. 94/0541. to Northrup and White. 

A straightforward method applies external pressure to move 

co-, a <- the discussion m U.S. 
fluids within the device. See, e.., w.i- 

Patent No. 5,304, <C7 to Wilding e: a], 

While these methods could be used to transfer the 
test compound materials to the separation channel for 

v,- -> r, t -hpH o=?*>-i electric fields to 
electrophoresis, a preferable roe^u-d J— - 

, .v -harrei s >~>f a microf luiaic 

move fluid materials through ...e ..naiu. t .-s 

o ^ nubMsbeH European Patent Application No. 
system. See- e.g., puD*ior.(— j—j.^ 

376 611 (12/30/88^ to Kovacs, Harrison et al., hX^L^hSS^ 

(1992) 64:1926-1932 and Manz et al. I S^SM^U (1992) 

593:253-258, U.S. Patent No. 5,126.322 to Soane , 

. , . J j.,.. r ^.,,'ipc of direct control, 
Electrokinetic forces have the ad^T-.ajes ji a. 

i ■■neriv) 1 * 0 . tne use of 

fast response ana s:apUcxt/. fUiUl - n ' J -' ^ 

v_ t-^ pnVip'-^ nat'snals aoout tne 
electrokinetic forces to move .he *ubj^ - 

n , v , ter too is consistent with the 

channels of the r.icrcf lu.i^..,. *y~Lei„ 

^ , - w-^^r* ^v^ 3 ; n the separation channel 110. 
use of electrophoretic ^ — * ^ 

v, .i,pr-^i-etv^ transport, the system 
To provide such a.LsctroKi..Lw-v l.j.cx.i 

. rnatr is capable of applying 

100 includes a voltage ccn,..oli^ t 

i~ -i jvr.Mn-vMPruslv, to each of the 
selectable voltage levels, sira-- i ^.itous ly , 

, _ ^ such - voltage controller can 

reservoirs, induing 9,-,.^^, ^ — 

. m . o i 1 vo^-ior dividers and multiple 
be implemented vtsi.^g jnul l.j.o.l :i ^J- J s- 

relays to obtain the selectable voit^e levels. 

. - ■ j ^^j^i- wrltacip sources wav be 
Alternatively, multiple xndependei l -cuage 

• -1 „»- i c ^v--i-ricr lly connected to 
used. The volt aye control let is SiUinu ' L J _ 

= iB'--r-"° Dcsitioned or 
each of the reservoirs via an ale--* P- 

ninra i - v cf reservoirs, see, 
fabricated within each of whs plux « V 

. • . , r„...,.n,Hon> v water." \ppiication No. WO 
for example, published i/)t s maawi.- .. 

„ . 4, i .rerouted hacein by reference 

96/04547 to RamsH;/ . f.luJ- .-<.<-,- 
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Alternatively, rather t.han voltage, another 
electrical parameter, such as current, may bo used to control 
the flow of fluids through the charts. A description of 
such alternate electrical parametric control as found in U.S. 
Appln. No. 03/679,536, entitled "VARIABLE CONTROL OF 
ELECTROOSMOTIC AND /OR ELSCTROPHORZTIC FORCES WITHIN A FLUID- 
CONTAINING STRUCTURE VIA ELECTRICAL FORCES", filed July 3, 
1996 by Calvin Y . H. chow and ,7. Wallace Parce and assigned to 
the present assignee. This application is incorporated herein 
by reference in its entirety for ail purposes;. 

Stated sore precis el,-, electro}; inatic forces may be 
separated into eleccroosrrct i z forces ? 1 ectrophoretic 
forces. The fluid control systens used :.r. the system of the 
present invention employ *lectroosnotic force to move, direct 
and mix fluids in the various channels and reaction chambers 
present on the surface of the substrat-3 102. in brief, when 
an appropriate fluid is placed in a channel or other fluid 
conduit having functional groups present at the surface, those 
groups can ionize . Tor e.v^p-, vnsre trie surface of the 
channel includes hydroxy . I factional groups r,t the surface, 
protons can leave the surfacs of the channel and enter the 
fluid. Under such conditions, the surface possesses a net 
negative charge, whereas the fluid possesses an excess of 
protons or positive charge, particularly localised near the 
interface between the channel -surface and the fluid. 

By applying an electric field across the length of 
the channel, cations flow tovard the negative electrode. 
Movement of the positively charged species in the fluid pulls 
the solvent with the-.,. -'!-., ,. V36dy ? , t3 ~ e v-iccity of this 
fluid movement is generally given equation: 

v = r J ?: 



where v is the solvent velocity, G i. 3 the dielectric constant 

of the fluid, <; ~.h 9 ^za pct!,nt;Ui - the surface, E is the 

electric field -?*-•■►_>•►.---, : , . - 

». ............. . . . .. ■:. i.ven"- v;.scosity. 

Thus, as can be ea3iiy s- : , » rof , .:h..* eouacion, tne solvent 
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• i-hi» z^tn potential and 

velocity is directly proportional oo t.n.- t-ix V 

the applied field, 

. .r.-^r^ti - fo-ces, there are also 
Besides -2-.ectj.oos.iOLi-- lv- -~ , 

;,^ e ^i" c'-arued :molecules as they 
electrophoretic rcrzes — i *-- e — J N 

»ove through the syste* 100. In the transport of sublet 
ra aterials fro, one point to another' poi*t m the system 100, 
it is often desirable for the composition of the sublet 

. ir .,,.f^i-pd in thi-3 rransiport . i.e., that 

materials to remain ur.ati.e.cea .in 

*. ^y-Mc fl rp rot eiectroocoretically 
the sub 3 ect material* a.., r.-t - tne 

differentiated in the transport ur: LO 

. , -. v -.v.4-,.i ir, fluid sluo regions 120 of 

subject materials ere tt.,^ d - epnarated 

4. ^-. -i^nc The colons are separatea 
predetermined ionic concentrations. In- ~~4*> 

■ re ^ru : r,-- ionic concentrations and 
by buffer regions or vary^-.-j i°- u 

■ . ; n •^ aU ro l. A related 

represented by buffer region* 12x .n ..gur- 

, --, ^ nr /f/n 986, entitled 

.. *-i i t„™ ?o 1°9* *v J. Wallace Parce and Michael R. 
BIAS, filed June 21, 1~<*' 

-^■^-^r,*- ^f-nne" 3 , explains various 
Knapp, and assigned to the prefer, a^.qnc, P 

Py „ , _ v .f 0r -e.r:--:r.3 of high and low 

arrangements of s-.c.cs, ,,r.J ..w. -r 

. .„ ^-^-rtinq subiest materials with 

D ionic concentrations in tr :,.»>,- ivi-.g > . r . n 

■,orl-^t J on ifs incorporated herein 
electrokinetic forces . i:^ =ipw — «- 01 ' 

by reference in its entirely for ali purposes. The 

- . ». ... *- v,p ~h*n^ 112 nay be fluidiy 
application also explains hy* .ne .nan - 

rtf . v,-cfi> -irnben of separate subject 
connected to a source o£ icuge ^ni^ei., 

■ t.. ^/ i-t-nducp.d into the sample 

5 materials which are md:u.^,,y i.t^J- 

. , ^^-s- into the separation channel 110 
channel 112 and subseqa« l,lC(J fc 

for analysis. 

EL**^ ^ des:;c . bed in tha above-, led International Patent 
Appin. WO 96/045,7 and the previously mentioned '^'J^ 
Appin. No. OB/671,987, entitled -HIGH THROUGHPUT SCREENING 

Appin. wo. / „ r , Tn1 ,., ,. t ^rr^ E s" . the disclosures 

ASSAY SYSTEMS I.i :<!. -ROS 

,. .. ■ ... -sforencs for all 
of which are incorporates u^a~n ^ -~-r 

i ^ ->n r- ^b^-rr m: terials, separated by 
35 purposes, the slugs i,0 o, 

buffer* 3?1 ars> :no^ed --^.^ ■ 

the separation rna/inei , - - 

... . 0 .-h~- constituent 

electric field in *■ 
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In 



species in each slug 120 separates into species bands 123, as 
shown in Figure 1 . 

When the slues i<n c f sub- =>■•• r-,-»i- -i * ^ - , 

wl nsie., ;a,.i. are placed 

in the separation chanrv*< v.r ( r „ r ,^ v ^ lN . . . . ^ 

s *-'/ l * ,rie =' lals ci re subjected to 

an electric field by creating a large potential difference 
between the terminals in the resarvoLr :,.0i and ICS. The 
species in the slugs separate accord in? to their electric 
charges and sizes cf their Molecules. The species are 
subjected to electric fields in the rang, of 20C volts/cm 
accordance with ore aspect of the preser.t invention, the 
species are labeled with -u,r,scent label r.aterials, such as 
fluorescent intercalating agents, such, as ethidiua bromide for 
polynucleotides, or fluorescein isothiecyannte cr 

f luorescamine for of>*-eir = i t.—v-n,. ^j..„ . 

• '•' e11 -'' - b tjy.:Cal±y done with conven- 
tional electrophoresis. 

As showr. in Figure 2A. the arrangement has a light 
source 120, a first lens 12* . u nasi- thp -o^-,,-,-^ 

channel HO, a second lens :.2S. ii.r.er 12S. and a 
photoreceptor uo oo-.necte* ,„> a frequency analyzer unit 134. 
The light source 12 Z> emits light at wavelengths to energize 
the fluorescent labels of t.re species in the separation 
channel 110. Lairps , lasers ar ,d ? ight-en itting diodes may be 
used for the source I2C Th* 12;. is located between the 

light source 120 and the separation channel 1.10 and blocks 
light from reaching selected pert ions of the channel 110. 

The projection of thz nask Z27 by the light source 
120 onto the separation charnel no res-airs in a series of 

alternating illuminated and Darkened i-v-rions which are equally 

spaced along the channel :.u £,,:h ft:,,^, r?gion UQ has 

the same width as another darkened recion along the separation 

channel 110 and is .-approximately the 

bands 123 in the separaticr '-ho-.r.el : \ 

2B. The illuminated regions 14 2 alone- 

110 are also approximately the sane ■■i, 

regions 140. For exaapi* . with £ ceps.: 

approximately l:^- a-u ,- •• :r:r 



darkened region? Li, 
the separation, ch-^nn.. 



width is the species 
•33 shown in Figure 
ne separation channel 

as the darkened 
t;:.cn cc l-;rm 
v ? illuminated and 



'• t I * • d L 1 V ^ 



50-5 DO an along 



-i** 4 iv * 
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^-imrilp c Uuqs travel 

As each species t,a.ia .1-^., ^ 

through the alternating darkened and i^inated region 40 

through tne , ri , alternately 

and 142 respect^,...;., tne 

;n rh , s oiMirated region* .1.-2 «"«■• Lnut 
fluorescent. ,.n .n, - ^ 

■ «~ - 1 /i t \c pa en spec. v j 

darkened reg.cn, , . . .. r ;UMr ^ ss off and on with 

separating ebwn^ .10, — £ l9 ,. ta velocity alona 

, characteristic ^.u.ncv cular specle s 

the channel HO. :ne ve.—K . „ of 

is directly related to the. *lectroy 

that species: 

,. %r . ( :^. v of different 

where E is tne ex.-ric _ - ^ ^ fluoresces 

sDecies moving though -cr.e - • ' 

P * es each corresponding to a 

at a plurality of fr^n-t.= - 

particular specie;. n ,. v -~ r cnanne l 110 is 

The light froir. the separa— ... "xn 

' 10 , * ho .-/aotoreceptor 130. Tne 

focussed by the lsns 12-o ap-- . -n- ^' 

light received py «e pn^^-Pt _ ? ,. ray , and the like, 

photoi^ultipiier tuba, a .n^^ol turn , sent 

is converted into fre , ue ncy analyzer 

to the frequency anaiy**- , palvs is, breaks the 

unit 134, by straightforward ,ou-^. - ^ ' 

info exponent rr2. ? aeacies* 

electrical signal into t.,— t of the 

electrical signal f.eq--. ■ - g 

modulated light mui., _ a , hanne l 110. The 

undergoing eie.L.,cc, l .or ^ ^ ^ ...lectrophoretic 

fr eguency of light -Un.t, :, r^^. - — ^ unit vith a 

ability of eaca ^[.ZZ''r*y,, vdertify each 

calibrated xcu,-.., ^ -• frequency from the 

species accordi.iv ^ is operat ion is 

frequency analyzer unit 

entirely autonatei. 

euu 1 . ^ v,^«-; reexi not pass 

" ob ,\o. identification 

occurs as soon as a cLcu<— <- i throuah a 

. , --. t.p,-: .es passes thiougn 

frequency i; ge.-.er.: c 3 c - • -~ ■ ^ - - , ;rl ^ ned ; ad U mminated 

predeteriai.-;.^. -;-..!V/-.-' ; - - 
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regions in the enain^'i i i f j tk* c . « , . 

^in_ i h . jS e.^ccropno-esis is performed 

in a matter of seconds. 



As 



tax--! .-ibove , 



C*. v." J"v, 



'v. .i 



as arranged such that 

the alternat.incr d.-r^n^o" -r.-i i ; . MTr ; ^ - , 

^ - x JTp.i.-icited regions are 

•proximately the aaiBe width along tre separation channel 110 
with respect to each other and to th* widest species band. 

This ensures the !nraes<- rnc-;v,v • , . 

a „. . . 3 " t- ot -- b;! = ^nation between the maxima 

and minima of licht intend fro-- n 

- • nten — > 2:1 o«P fluorescent species 

bands passing through the rr.rsk reoiors. 

As symbolically S fcc-*n in - gjre 2A, rhe 



photoreceptor l/io ^ pi a : 



2 »-0!-<i: ar -x.'.s famed with the 
light source 120, -;;h~ mask - 2 . , nd ^ ^ - , 6> An 

alternative arra^^t"'pn^ h*- --.^ ■ - ..i - 

n-> i. ^y.u. ... i,;o and the mask 

orr the axis so *nat- rvs'- -v.,.- *- v 

' at J * c -' h - ircn the source 120 directed 
toward the seoarat r-.r •< - - 

w P n -s aiso cur acted awav from 

the photoreceptor :;:o. Tl,i, «rr a „g«re.,- allocs the 

photoreceptor 130 tc be i I ; usr i " c -<- e .d r P >.- u., *i 

, . c e - a cn -j ..ne fluorescent 

light from the .abr^od species ; r - r.re ^han-el no. 

Furthermore, to <•»• r, 3 c ccr »: rut - « <■■■ - :-. P -, r .f . 

'•••-<• ~- ie optical signals 

received by the i^ofc-erp-- •■ - - 

* 1 uec6 ^''"-' iuter 128 may be used 

for the photoreceptor 13C. Tl.e filter : 2 s is a band-pass 
filter transnittinc; light at wavelength, emitted by the 

fluorescent species, and backing light at other wavelengths, 
^e. flight from the sourca :. 20 . Alternatively, the filter 

128 might be sel ect-i — -y.-> ^^i, - ■ . 

y *e.eci_.e tu,,iu o-cck^g ; ignt. at the light 

source wavelencrt-r^ rr, ^i- ■> - . • 

^P^^;,.. f the x nigrescent labpl 

materials fluoresce at longer wavelsng-.hs then those of the 

source 120. rcr ,,,, Ple , ; ; - ,, c ,. yruc ^ r ides labeled vith 

ethidiui* bronicie -.-jv^.,-- .... . 

- = ;cr electrophoresis, a 

light source eir.xtt-nq ^ah- ; A - c^m™ - 

~-r..j .-.qjj^ c .^Onn , r> used and the species 

bands fluoresce ^ f Gr/^ -■».- r ; , . n . 

c, . oti; n;: ja::i3le'd with 

fluorescein, a l^r-vt- em r--- 

' - iOLr — nn /-:vks v.r::h species bands 

fluorescing at 525m:i, 

As descr : bed a;;',« the :i.r..:;, 
the separation channel 110 An alter -v 
imposes the ra.--sk : , :.: cntc f.- ■ .r,. ,-f- ,, , 
series of a ■ ■ •* . — • 



along the chanrva 



2 2 is projected onto 
i'-'-i: srrangernent 
•^:^eif 5:0 that a 
rii-jions are created 



■" r -':.:v..tneiv: i« illustrated in 
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■ t - -.. r -p a - y i Eliminates the species bands 

Figure 3A. .^^nv. On the side of 

122 in the separation cnanne • A ..f> J , - 

, -oi.-^er--r 120. a mas.-c x-,0 of 

the channai .i.j.0 ~<i •••• 

alternating darxenwi di - -.---a j, ■ 

, , 1 ■ • S2 as shown in 

respectively are placed on tne B ubsU i ~ 

-, Mr i c-n^M"-? 'T F the regions 154 ana 
Fiaure 30'. The cL.rtensa ars 2- id s^a-i-i 

9 ^vo - ^-^cMon -he mask 122 in Figures 

152 are the same as the i-^..^aon 

2A and 2B. the fluorescent 

Still another arrangement pr^e-ts. r,ne 

• „ ''10 unto a mask 

species bandu, 1-;.- — , 

F . . , v ?~*- ool ixtnated by a lens 

160, as shown in .• .-•-•-rv, , . 

' .Tinri^t^ the species bands 

164 light from th* source ll]Jli,1 - K " H . 

1 ' J fro:, -h* bands .125 isotropically , 

123. bmce x.gu, - a focussing 

the light is proved ^ri t.x, L. y 

. .. .„ ..u., of trie mask. 16 J is 

lens 165, Light: ro* — 

-rfn +-h a photo letecior 120. as 
focused by the 12 -- ; - I illustra te a general 

explained above, tne el— - ^ 160 , lens 

relationship vith aach ether, Ir.e ^- - 

. , .^- 3 »-,-.r. * K< need not be alr^nea 

126, filter 12S r.:i oh J-*;-- 

with source U0„ is.u* < , ^i-^rMals 

_ r ...- ^'Y-vs the subject materials 

i n. - • .- - - 1 1 1 w * * . 

. . - u >- - ^ t : ~ n o f f luor ascent 
undergoing .Lctrophor-i. ». -«- ; ^~ ^ ^ 

ugKt fI ™ -evm, ;^:.;:^:"i: = ;:i;;, ioe ; f ligbC by th . 

invention also oraa^o - •- 

, -. a . us i.,vi the arrangement ot 

subject materia L. t ^r - n i„ h *. 

. . i 91 ir ,..;<:.--. 2d tc radiate light 

Figure 2A, the li=T.t s..J-^ -<iJ i- . £sr .., 1 

. hv the subiect material, 

at wavelengths vricn are a^orved ,n, L.e j 

. . . i- >0 ti ."•.)' operate at wavelengths 

For proteins, tru; .. •• — - " } ' 

. r,-. r ^'-vnnjisotides, 260nm is a 
of 2 8 Orai, for eicarr-lf-- r •• e 

, f „ ',-Vp r ^-,.,rr.e 120. The lens 126, 

suitable wave lenotin to, . t 

. ^.■■-.rneri t''~ receive tne ngm- 
filter 128 and P V ciorecec -or ai .... ^ 

^ - .... -i-, ;::? an:l channel 120. The 

from the source !<: - t.ii ■ - 1 - •'- 

. v- channel. 110, lens 126, 

light source 12 0, .ens i,-.. - - , 1 . hp 

, . , OT .„ r , -o cKtically aiigneo and the 

filter 128 and ..orec , . - 1 i 

. " . „ „,c -jrvc -:f the wavelength of 

filter 128 :.s ss.eot^d - J -- 

• . i .. - -.-xtoreceptor 130. nore 

interest frow '-h*: - •= ■ • •■ l - • 

. t!- ( c. u*ter 128 is 

typical ij 
placed next, to 



L -J ► i i- 
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Ratner than light fror the species bands 123, 

darkness from the l ;'. ght- abac rb ; »:o h ->-"•- i ; • «'w 

— s 4.^. 3 moving in the 

channel no ceuses E . vsr'-'iv --•<-•,-, i * . • 

ictj . o received by the 

photoreceptor Lju. Four'"* .r^; ,. v , . • 

J " - a " i *-: r& J- ••• Hi* signal ultimately 

identifies the specie ir. tho channel :t o. similarly the 
embodiments of the present zr.vertior -Unrated in Figures 3A 

and 4 can be adaot ♦•'■> i •■<-•-•>• , 

** wC " "° *L*cr^rr,t: hy the species bands 

123, rather than lic-.-.t fluorescence. 

In another embodi !ft r.t of the resent invention, the 

mask 122 is e iin-.i p't p:i , .» - . 

«xAn,.j..tt,a. < : -.vcn{ u<--.., ccnsi ent light source 

such as a laser, >. - - sed — - «■■ •■ ' 

' " u & ana a pair of 

slits are located l.tweer ~o ,o;r:e 12, ,,,, the channel U0. 
The slits are p.raH.1 to ether and perpendicular to the 

length of channel j^r 3- t . 

^> between the light 

emanating fro* the twe ' : f --. *~ 1 ^ ^ . 

— z 1 " • ^-is in intensities 

of alternating mini^ c-^- _ , _ , , ^ , 

, * 1 ** i.i.^j.K.c cicp:? the cftanrel lio f like 

the operation of the nasv- ■ -~ ? Hr- ~ — x^.- 

ndSl d — 0^. previously. Light 

received from the r.e^iod- ■ — ■ 1 < ^ 

allow the deters; >-r -s,- . 

" 1 -'^ 0:: roovmcj species 

bands 123 by the fr^uencv j-.m.^', - + .u- •> ■ .,u + 

- t^e light intensity 

modulating in tiir.e, ,-,5 d-ser:U-H r ^, 1 ,.. c! , ~ . 

- > ^ J - - ft - / - t h 1 s arrangement 
operates in either f'Morpcr-n r,..- . ■ 

■ r - 1 ^— -c, c. a^or):mc mode. Of course, 

other arranqeirerts vi--h ore. -v* ^ i ■ 

y "~ r * -" TE '~ r r,CM ~ light sources 120 may also 

create light patterns Tr^n'r.p .i^^^,,^, 

* l " 1 - siQ intensities; along 

the channel 110 with rut -r, 

Speed and sens i r -v *■ \> -f «-,,■•<■•«£:«- *. • 

- - ■ - «-'t <-tsn k invention are 

much enhanced over cr.-zicu-. -yst-xs which pc^ora 
electrophoresis hv the - of , specie band past a 

detection point. ^ pr,:,:, . , r , vert Lr.r Lar a higher signal- 

to— noise rati ^ c:^-.-^ --i-^ rt , 

u " - e s^gnsl-, tron the fluorescent 

bands 12 3 ars. av^''^^"^! o^ o>- - ^ - --, r „ 

a^.d^.i o,o^ £y !T . oveTient of the light 

signals past the -ma si-: r-ci — i - ,-^> M - rrt ^ 1 

• • ^ ^ ( - • & - ■ ■- to d s 1 nq 1 e 

observation at the detect 



Of course, the r^- r.m- -;^. vni ,.- - 

' ^ - ,n disc- nas the ether 

advantages of mi crofl,idic 3y S , e , s , 3S s?eed< low CQSt 

dUe tO thf* 1 ^.'vtc -.■--;.:..„ 

— - tf.a low use of 

skilled iaho?" ^--) -■ ... . 

" " * ;j ' * 1 - system ioo has 
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. . ....j... reproducibility of 

little or no conta^Anauo^ " 



reSUltS " . r-v. been described in 

, ...i sr i»-w ; = r ,i understanding, it will 
some detail for ui::poso ; , .... > . L f ..^ — 

_ _ 0 .v-ied -~ -he arc ?ton a reading of this 

be clear to on- xt-u . . 

. .v.pn^ i~ an.d detail can be made 

disclosure that various cn*n.j«* i.. ■ — • 

* a f~^n -rue £;c?::e of: the invention- All 

without departing t- ^m — — - . . ^ . 

; ubl i,:V. ,,, d o =a »rt. r.i«^ i., — appUcat^ 

La incorporated ,= Y r .f.r«e, " t„.»r Ml** tor » > 
purposes to th. »« «t.« » i* «c, ^divid™! pubUcatxon 

. „ r i: ; ; denoted, 

or patent dccm^n-: ;.ert- i~ .< ■ 
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1. A r?.croil;.idi2 i-vster ier .i^h-speed electrophoretic 
analysis of .subject mater.*:.*, said «.vaten comprising 

a cna.-ne 1 in a suostrate, **;.d channel holding said 
subject materials in solution in an electric field so that 
said materials move through said channel and separate into 
species bands according to species; 

a light source exciting f L^-sscent light in said 

bands ; 



a photoreceptor arranged z.: receive said fluorescent 
light from said bands; 

means for masking sa: :i chdnrel so cnat said 
photoreceptor can receive said fluorescent light only at 
periodically spaced regions alcig said rnannel; and 

a unit connected to analy;:* frequencies of light 
intensity received oy said photoreceptor so that velocities of 
said bands along sa i 3 chanr.::.\ can be aecermined for analysis 
of said materials. 

2. The wicrofiuldic system ct cairn i whsrein said 
masking means comprises e aas< interposed between said light 
source and said channel such that said l.Ur.t source 

illuminates said cnannel c.-.ly at said periodically spaced 
regions. 

3. The nicrofluidic systcn of clais i wherein said 
masking means co^r L ., e . s a . nterj osed between said channel 
and said photoreceptor such -at sa .:r. photoreceptor can 
receive light, from said channel only 6t 3a id periodically 
spaced regions., 

4. The liiicrofiuicic system c: cLair. 3 wherein said 
channel is disposed in a transparent substrate and said 
masking means comprises opacve rater j,:. I defining a plurality 

' '••>•• J i'e, j. i t spaced regions 

along said v-nr ^.i 
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. _ ^ r; i ciai.ro I wherein said 

- 5. The n;iC.:;o::.!.u.a^ 

^ a — , -TT^t-pd apart greater tnan a 

penodicai.lv tspc^fcc 

width of a ban.: iu -^i*:. c/.i-.r.iie L • 

. .'cc^, of c*Ui* 5 wherein said 

6. The ^:cro; juJi- .-^.^-.n 

*~-tr-'-vi:aate.iY two times a 

periodically spaced re-jion. 
width of a band in said charge.:.. 

-i.,^--- <^st«m oT clair* 1 wherein said 
7 The nuc.ro:: lu:.diC 

cp .^,. na ; vea ,es5 than lOOG^nr* 
channel has a cros.-se -na... a-.* 

... P ,f cLain 7 wherein said 

8. The micro': ivjviio sy.^i ^ ULa 

... in.q i-*ep by SOua. wide, 

channel is approximately *o^i 7 

, >- Pn , v - rlaiir. 1 wherein said 

^-» n i- ciPl^cted from the group 

liqht source comprises ns- m. , ... 

9 , _ , P d a i;ght~emittxng diode, 

consisting of a laiap, - — - a i ty 

- ---nlia 1 therein said 



L, ^ ~ .1 



i o Th° tt i ~rcf lu ic v 

* 3 «r*nt selected from the group 
liaht receptor cement - A - n - f .. . n . . CCD 

consisting ^ - JJ — 



array 



ofluidU system of clain 1 further 



11. The rcicrc 

..... 'i n r::,^(:r:t tO Said ll^ht 

comprising a tutci a,. i.v,..y 

- f r r r- - a i i 1 i gh t s ou r ce . 

receptor to hlccx. ugh'- au ~a.a j 

nv : , . - of Mr 1 further 

^,-^ n -hrinnel and said 

comprising it ■- r - - ? ~ „ . . . caid 

photoreceptor, sa,a i^,- j 
channel onto said photoreceptor. 

_ . - cc riah-speed electrophoretic 

" . . . <-a^- ! vvsten comprising 

analysis or sur^oct mac, - ^- . ,, na said 

, . ,-,^ £ : svd channel holding saiu 

. r , ;r , r1 cJ e metric .:ield so that 
subject ,u .oil... - , r ^ ra * P into 

said materia. „f: 
sp e c i e s ban :) s 



13 . 



... ^ . 
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14 
15 
16 
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7 ' a light source arranged to direct light toward said 

8 channel and saic bands; 

a photorac-ptvr -ar-.r^ed v,. r , iCe ive light from said 



9 

10 channel; 

means for -ashing nic ch^.-: 3r . t;hac said 

photoreceptor can re::pive liaht -v>- r ; ^ i — 

u.u. t r a. r tG • ; ,)di-ci., .y spaced regions 

along said channel f.v-.ly; E rd 

a unit connected to ar.aiyze ^squeiicies of light 
intensity received by said P hctc recepto, so tna*: velocities of 
said bands along channel can be detained for analysis 

17 of said materials. 



1 14. The microtia:.,- sy^cn c.~' cum ir wherein said 

2 species bands absorb light rye- saic ; iq ht source, said 

3 frequencies cf light intensity created by tns. absence of light 

4 toward said photoreceptor fro* ,-a:.d species bands moving 

5 through said channel . 

>. ■ ..-in i.- wnereiri said 

2 species bands absorb light from said licht source and emit 

3 fluorescent i-ght, said frequencies of : ight intensity created 

4 by the presence of = v. uor*»c&nt light toward said photoreceptor 

5 from said species brum's r.ov: nc through said channel . 

1 16: The microa-nldic O'-tem cf u>..r. - wherein said 

2 inaskinq means co» m v"-..5c - , 

^ °" Jj - f^.s „ i.;^v. *iiterpo:3?:c: .between said light 

3 source and said channel such that sa i :.i 1 ight source 

4 illuminates said r\-ic r . r — -* . ^ ■ 

-*.«.. r...c „ r , a j pr.r_.oaica,.ly spaced 

5 regions. 



1 17. The micro*;*:-.: id * ~ -*-■■<■- t- ^ 4 - -i in i,^-^ 

v-i .. ^ ^ ... ^ A , L it i i ui x% u£& 1T] said 

masking means cow^-i ~ , ~ : . + . . . - 

" --:t^^^\-c oetwenn said channel 

and said photoreceptor si.cn that sr. id pr.otnre center car 
receive light from said charge! on), ,t ..aid periodically 



5 spaced regions. 



ih '- '•• ■ ,: :..,t r .« 17 v/or-in said 

2 channel is dispose ;r, d - •■ - : .■■ .a^t^t,:. *nd said 
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• .. „ T3 -er.r.;i defining e plural ity 

masking r.ea.. . periodically spaced regions 

of transparent regions »a.a 
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